The Apodizing Phase Plate (APP) coronagraph has been used to image the exoplanet β Pictoris b and the protoplanet candidate around HD 100546, and is currently in use in surveys with NaCo at the VLT. Its success is due to its tolerance to tip-tilt pointing errors in current AO systems, which degrade the performance of nearly all other coronagraphs. Currently the sensitivity of the APP is limited by non-common path errors in the science camera systems and by its chromatic behaviour. We present the achromatized Vector APP coronagraph and address how we will measure and minimise non-common path errors with Focal Plane Wavefront Sensing algorithms.
Introduction
Coronagraphs are used to suppress the diffraction halo around bright stars, revealing the presence of faint companions (brown dwarfs and planets) next to their primary star. There are many coronagraph designs that work at small inner working angles (Guyon et al. 2006) and continuing technological developments are ongoing (for a recent review see Mawet et al. 2012) .
The Apodizing Phase Plate (APP) Coronagraph is a pupil-plane optic that is a realization of Phase Apodization Coronagraphy (Codona & Angel 2004; Codona et al. 2006) . In common with other pupil plane reformatters (Carlotti et al. 2012; Carlotti 2013) , it is therefore relatively insensitive to residual tip-tilt motions in the focal plane of the science camera from residual atmospheric correction and from vibrations in the telescope superstructure. A first light demonstrator on the MMTO 6.5m telescope at λ =4.85µm (Kenworthy et al. 2007) , was followed by an L ′ band APP on the Very Large Telescope (Kenworthy et al. 2010a,c; Girard et al. 2010) and most recently at L ′ band on the Large Binocular Telescope in LMIRCam (Wilson et al. 2008; Kenworthy et al. 2010b; Leisenring et al. 2012) . Characterizations of planets include β Pictoris b (Quanz et al. 2010) and the discovery of a low mass companion to HD 100546 , along with its inclusion in several VLT surveys for extrasolar planets around nearby stars with debris disks ) and A/F stars (Quanz et al. 2011) .
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Current Performance and Future Directions
APP observations have placed strong constraints on low mass objects at Solar System scales around Fomalhaut The performance of the APP coronagraph is limited by (i) the non-common path aberrations (NCPA) between the AO camera and the wavefront sensor path in the science instrument, and (ii) its chromatic design. With the APP we will use Phase Sorting Interferometry (Codona & Kenworthy 2013 ) which uses phase diversity from the AOcorrected atmosphere to sense NCPA. Another development is the Vector APP (VAPP), an implementation of the APP that uses multiple stacked layers of polarization phase plates to provide a broadband wavelength solution (Snik et al. 2012 ) that also provides two simultaneous and complementary PSFs with the dark D region on opposing sides around the star. New versions of this optic are currently being characterized at Leiden Observatory, and the APP is being considered as the baseline coronagraph for ERIS, the new thermal infrared imager for the VLT, and for METIS, the thermal infrared imager and spectrograph for the European ELT.
